One of the greatest environmental challenges that confront rural communities in Nigeria especially in Borno state is scarcity of water supply. Rainwater harvesting can reduce over dependence on centralized piped water supply and checkmate climate change. This study in two rural communities determined the water per capita use, examined water sources and then estimated the amount of rainwater that can be harvested by households in these villages. The villages are Kukurpu and Yelwa Bam in Hawul local government area of Borno state Nigeria. The choice of the villages is justified on the basis of their location in the semi-arid region of the Sahel ecological zone with lesser rainfall compared to other parts in the region. Lack of adequate access to water supply is precursor to water related diseases and challenge to sustainable development. This study used scheduled interview with households and 100 household were surveyed using simple random sampling. In each of the village, 50 observations were made Results revealed that 87% of the households rely water from hand dug wells, ephemeral streams and boreholes equipped with manual hand pumps that are susceptible to drought and frequent breakdown. Borno state where the villages are located had a mean annual rainfall of 860 mm from 1980 to 2009; however, the annual rainwater harvesting potential was put at 51.21 m 3 . Although over 80% are aware of rainwater harvesting practices only 2% of households harvest rainwater due to the seasonality of rainfall coupled with inadequate water storage facilities. There is therefore the need to embark on massive rainwater harvesting with corresponding water reservoir as a way to reduce the effects of the five months dry spell experienced in the region.
Introduction
Water is one of the most important natural resources on the surface of the earth therefore its importance cannot be overemphasized. It can be used for drinking and other domestic purposes. Water covers a substantial part of the earth surface, fills the oceans, rivers and lakes. It is found under the ground and in the air. These facts notwithstanding, it is interesting to note that there is hardly enough water to drink and meet other basic requirements such as cooking, washing, bathing among other usage in most rural communities of developing nations. [1] revealed that only 0.6% of water is available for human uses as fresh water in rivers, streams, springs and aquifers. The remaining 96.5% are in oceans, seas and bays while 1.74% as ice, glaciers and permanent snow and 1.16% are from other sources of water supply. Most rural communities are spread over a wide area, thus increasing the cost of providing piped water networks.
The [2] defined access to water as the number of people who have reasonable means of obtaining sufficient amount of water that is safe for drinking, cooking, washing and other important household activities expressed as a percentage of the entire population. Access to safe water is universal need and, in fact a very important requirements. Accessibility to water is critical to the development of human beings and vital strategy for poverty reduction and includes a very important aspect of basic primary health care services. Inadequate safe water supply manifest in so many ways such as infant mortality, increased health care services, public servants productivity, decrease in school enrolment among others [3] . Lack of access to potable water has been a thing of great global concern. In Nigeria, only 47% have access to improved sources [4] Africa, despite having lower population than Asia, accounts for one-third of global population without access to improved water supply and has the lowest service coverage figures of any continent (Harvey and Reed, 2004) . This can be attributed to a number of factors such as increasing population leading to higher demand for fresh water for domestic, industrial, agricultural and landscape management purposes. Above all, climate changes have negatively affected water supplies. [5] reported that 20 -50 liters of safe water on daily basis is required by individual for basic human domestic needs. This implies five liters for drinking, 20 liters for sanitation services, while 15 liters is for bathing and 10 liters for preparation of food. However, [3] stipulates that 20 liters of potable water is needed by each individual for drinking, cleaning and cooking and other domestic needs. Water use and pattern of use differs from one place to the other and for various purposes such as drinking, washing, cleaning and the manufacturing of goods, crop production among other uses [6] . The water required for the various activities vary from place to place and more specifically lifestyle, tradition, culture, prevailing climatic conditions, wealth and technology in use.
The vital role of sufficient quantity of water supply for human well-being has been recognised for a very long time. There have been heated arguments on the significant importance of the quantity of water required by individual [7] [8] [9] . Aside from this argument, there has not been universal yardstick for minimum quantities that water agency or water board should provide. While the target 10 of the Millennium Development Goals is to reduce by 50 percent the population of persons that do not have access to safe drinking water by 2015 [10] it did not state the quantity of water to be provided. The [11] stated that sufficient access safe water is the ability of individual to obtain at least 20 l/p/d from a water source in close proximity of less than one kilometer to household's residence. However, it is worthy of note that this prescription signifies primarily to access and not a yardstick that 20 l/p/d is a universal acceptable standard for water supply. The water use varies from one place to the other depending on which activity pattern of water usage.
Adequate safe water supply implies that the time spent by women and children in trotting water can be used for other productive works that will improve the living standard of the households. Many people in rural communities who do not have access to improved water supply are susceptible to water related diseases such as bilharzias, cholera and hookworm [12] . Improvement in water supply service delivery will eventually result in the improvement in the living standard of the rural people. Access to improved adequate safe water supply will lead to reduction of human suffering; increased productive capacities that at the end will reduce health care cost [13] . This can only be realized if water is set in the broader context of health objectives.
It was predicted by the [4] that water scarcity will be one of the most important issues in the 21st century. The implication is that the 21st century has opened up with one of the most fundamental conditions of human development unmet, which is universal access to basic water service. The failure of international aid community of nations and local organizations to satisfy the basic human needs has led to substantial, unnecessary and preventable human suffering. Reports from development agencies, government, water commissions and research institutes continually points to an impending water crisis [14] .
Nigeria has adequate surface and ground water resources to meet current demands for potable water supply though temporal and spatial distribution of water resources has led to scarcity in some locations especially in the north [15] . This disparity has increased rapid depletion of groundwater, especially in the northern towns and villages which have resorted to other available sources. There are 774 local government councils in Nigeria which are responsible for the provision of rural water supplies facilities in their areas. Out of these number only a few have the resources and skills to address the water problem. The few local government areas that have rural water supply divisions are able to construct small water systems such as open wells and small impoundments of surface water.
Why Rainwater Harvesting?
Rainwater harvesting is a technology used in collecting, conveying and storing rainwater from relatively clean surfaces such as a roof, land surface or rock catchments for later use [16, 17] . Rainwater harvesting is an option which has been adopted in many areas of the world where the conventional water supply systems have failed to meet the needs of the people. In many cases rainwater harvesting has been introduced as part of an integrated water supply system where the town supply is unreliable or where local water sources dry up for a part of the year. Rainwater harvesting reduces the amount of money spent on water consumption and at the same time save natural resources and over dependence on ground surface water supply [18, 19] . This water that would otherwise have gone down the drainage system, into ground or been lost to atmosphere through evaporation the water can be collected and stored in a rainwater tank or directed into mechanisms that can recharge ground water. Rainwater harvesting can provide water for human consumption at the points of need, reduce water bill and lessen the need to build reservoirs which may require the use of valuable land therefore reducing environmental caused by surface runoff [20, 21] . Rainwater harvesting is a technology that is flexible and adaptable to a wide variety of conditions being used in the richest and poorest societies on earth and the wettest and driest regions of the world. For this noble objective to be achieved the communities must be actively involved in their water supply process right from the onset of any water project they deem fit.
Material and Methods

Study Area
Borno state has a total with land mass of 69,435 sq·km lies between latitude 10˚N to 13˚N and longitude 12˚E to 15˚E. The greater part of the state lies on the Chad basin. It is bounded to the west by Yobe state, to the north by Niger and Chad republics and to the East by Cameroon republic while the southern part is bounded by Adamawa and Gombe states [22] . The topography of Borno state especially towards the Cameroon boarder show as high as 2040 m above sea level [23] . Borno state is located in the Sahel Savannah ecological zone. The two villages studied relied on ground water sources from hand dug well, ephemeral stream and seasonal rainfall for their domestic uses. Based on the survey results ground water can be accessed through hand dug wells and borehole equipped with manual pumps. The villages featured same type ground water availability. According to [22] the village of Kukurpu and Yelwa Bam with an estimated population of 947 and 632 people respectively have limited access to underground water supply during the rainy season but during the dry seasons, these sources dry up forcing households to trek longer distances in search for water. In some cases cattle rearers from the Sahel region have to migrate to the Guinea Savannah with lush pasture to feed their animals.
The people of these villages are engaged in subsistence agriculture and animal husbandry. The ephemeral streams provide these villagers with fertile land for the production of vegetables. Within the streams floodable plain vegetables are grown especially during dry season through irrigation agriculture mostly done by the women to complement their household income. They make use of water pumping machines to irrigate their plots but during the rainy season the stream normally overflows its banks rendering the area water logged and cannot be used until after the end of the wet season. Figures 2 and  3 
Method
Data were generated through a combination of primary and secondary sources. The households provided valuable information on their water use, distance to nearest 
Results and Discussion
Profile of Respondents
Survey responses revealed that 64% of respondents are male while 36% are female head of households. In terms of their occupation, results shows that cattle rearing accounts for 59% this was followed by farming 17% and petty trading 16% and government employee account for only 8%. On the average 76% of the households earn more than N10,000 monthly ($62.00). This is below the Federal government prescribed minimum wage for its work force. However, about 56% of households have one form of formal education or the other while 44% did not attend formal education. The household sizes for the two villages range from 1 -5 were put at 75% while those above six account for 25%.
Sources of Water Supply and Distances Covered
Majority of households in the two villages rely on water from well 60%, borehole 11% and ephemeral stream 27% while household harvest rainwater 2% for domestic use. Responses on the negative effects of lack of access to water supply revealed that health related cases account for 50%, delays in doing household chores 32% while higher expenditure was 18%. Results revealed that over 63% of households use more than 30 liters of water for their daily needs. This agrees with the [2,3,5] stipulated water requirements for daily needs. On the distances covered to nearest water sources, it was reported that about 60% of household walk distances more than 2 km to trot water and 16% walk less than 1 km while 25% walk for 2 km to get water especially during the dry seasons. Water storage facilities are one of the greatest factors militating against low patronage in rainwater harvesting. Survey responses revealed that majority of households 41% store their water in drums of 100 liters capacity, 32% in pot, 18% in Jerry can and 9% in bucket that last only for few days.
Rainwater Harvesting Awareness
Although 85% of respondents are aware of rainwater harvesting technology only 2% harvest and use rainwater. Thus, rainwater harvesting method is through rooftop 91% ground surface runoffs 8% and underground water harvesting 1%. The harvested water is mostly used for drinking 69%, irrigation 16% watering animals 8% and washing 7%. Despite the fact the fact they are aware of rainwater harvesting only 2% of rainwater is actually collected due to lack of adequate water storage facilities that will last for several months and the seasonality of rainfall in the region.
Water per Capita Use
During The reason for increase in drinking water is that during the dry season households are busy preparing their farmland for the farming season. During this period humidity is low and demands for drinking water are higher. Domestic water use in this study refers to both surface and ground water collected and brought to household for use. The most significant difference in water use is water used for bathing while water used for washing clothes and dishes was ranked second in terms of quantity. The activity patterns considered include water use for drinking, bathing, food preparation and washing (clothes and dishes). Focus group discussion with households in the two communities revealed that water provision for domestic use is the primary responsibility of the female member household members. The men however, are responsible for rearing cattle in the bush.
Potential for Rainwater Harvesting in the Villages
To effectively carry out rainwater harvesting in the two villages studied, it was necessary to determine the availability of rainfall since it is the key climatic variable. The two villages are located in Sahel Savannah region of the northeastern Nigeria of the study area have been receiv- The rainfall data were first analyzed to determine the characteristics of the rainfall in terms of rainfall pattern, average monthly rainfall, average annual, and wet and dry months for the years under consideration. The intra annual variability of rainfall was determined by solving for the coefficient of variation of the monthly rainfall while inter annual variability of the rainfall was determined using annual cumulative rainfall. The coefficient of variation is thus expressed as:
where CV: coefficient of variation of the monthly rainfall or the annual cumulative rainfall;
S: standard deviation of the monthly or annual rainfall (in mm); X : mean of the monthly or annual rainfall (in mm). Rainwater harvesting can be undertaken through surface or rooftop runoff. This study, however, focused only on rooftop rainwater harvesting given that it is a cleaner alternative. Thus, the amount of rainwater that can be harvested depends on roof area, rainfall intensity, storage and runoff coefficient which depend on roof material and design [24] . The equation used by [25] 
The monthly rainfall data were taken as average monthly rainfall from 1980-2009 and the household roof area per dwelling was estimated during field observation to be around 70 m 2 . The value for runoff coefficient is taken to be 0.85 for hard roof in humid tropics, the value used by [26] , based on [24] . Figure 5 also shows the low variability of annual rainfall distributions over the years with the coefficient of variation calculated 0.10 for Borno. The situation is different for monthly rainfalls because there is a distinct bimodal rainfall pattern within a year. This high variability in monthly rainfall is supported by the fact that the coefficient of variation of monthly rainfall ranges from 0.16 to 5.28, 0.01 to 4.27 for Borno State [27] .
If water year is taken to begin from March, there is a distinct dry season that last for five months from January to March and November and December in the Sahel Savannah ecological zone. The wettest months for Borno state are July to September when the rainfalls average is above 200 mm per month before dropping noticeably in October and then completely dry thereafter until end of February. Ensuring sustainable yearly supply of rainwater from this pattern of rainfall distribution requires proper planning for harvesting and storage of the excess water. Results of the analysis of rainfall data revealed that average annual rainfall received in Borno state was 71.72 mm.
Monthly Rainwater to Be Harvested by Households
As previously highlighted, actual water sources for the area however currently comes from various sources and rainwater is only a small part of it. Even though rainwater can be practically harvested from May to October, ample excess of rainwater for storage for the coming months are only available from July to September for Borno states. Annual RWH potential per household was 51.21 m 3 for Borno state. The amount cannot meet the water demand for of Kukurpu and Yelwa Bam having a 3 Thus, other sources as discussed before are still needed to a certain extent to compliment household's water demands. Figure 7 shows household monthly harvested rainwater and monthly balance for Kukurpu and Yelwa Bam. While Table 1 shows household monthly harvested rainwater and monthly balance for Kukurpu and Yelwa Bam village.
Conclusion
Despite the fact Borno state is located in the drier north of the Sahel Savannah, it has been recording annual rainfall of 860 mm for the past 30 years which is enough to guaranty rainwater harvesting to carter for the five month dry spell in area and households harvest only 2% of the water consumed in the villages. This is due to the seasonality of rainfall coupled with water storage facilities that include clay pot, bucket, Jerry can and drums that are under sized which cannot last for longer periods. It is recommended that households need to embark of massive rainwater harvesting to be stored in underground reservoir for later use.
